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� ¶ X=iqRv�lë�ZvÏ�K[RS��M!OwQ�{�Y���R&M!ObY�`[°'RSk!RSQwM�Y�RvM!RS��M!`aOLQ±���J\k!�
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��OL��k&JmÂ�`�J\K Í {�M!RvkPRvO/Ï � ©qF {����cRSk�K�J��LRvk{ST�M!OsRvQ�{!��kPRE��`[�w�
kPRS��OwQ�{�M!kP���|MP`[OwQ±R:�ñ��`aRvQ��v�sJ\QcY ����kP`NM(�wG��0RgJw�v��RS��M�OwQ�K[�
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Y�`�J\K�Y�`�{(MJ\Q��vRsOL����KaOw{!RS{�M=J\����k!O}JL��hj'R�M(l�RvRSQ£M!��RåMPkPJw�_
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Í � �¨Ð�� Ï|G � QbJLY�Y�`[M!`aOLQ=l�R�JLKa{!O&kPRS{�M!kP`��|M�M!��R ï U�OL��M!��R�ª�M�MPO

M!��R"{���Oml�Rvk���kPO\ª�KaR�`[Q=MP��R � ��x-T\JLQ�YXM!OqM!R�{(M�j'RSJLZÇY�J\MPJ�G
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l�`[M!�ñ���JLk!�w`[Q�O}{�O\��é-é , iqRv�më4Z�U\T/J\Qñ��x��ÈO\�\.YEiqRv�më4Z�U\T
J\QcY M!��RXK[`a�L�}MPRS{�Mq{�MPJ\� Í6î� ] Ï"OL�Bé ¶ YñiqRS�më4Z�U\GqF���RX�&��©��kPO�Y����|MP`[OwQh��kPOw{P{E{�R��|M!`aOLQ£�SJ\K�����K�JmMPRSY0��{!`[Q���b%�����;b%g}o[�
�F ¢¡ è ¶ \ ê `a{p� � X7� \M¤�À$X1� X�\h��j JLQ�Y�MP��RÉj�kPJLQ����`aQ��
kJmM!`aOÊ`aQwMPO MP��k!RSR£KaRv��MPOLQ�{É`a{ ¶ Y.�åTgJL{·OLj�MJ\`aQ�RSY ��kPOLZ
b�d[eFfhg�i�GñF���Råx�¬&x/¥ {�`aZg��KaJ\M!`aOLQÈ{!JLZ=��K[R+`�{H�LRSQ�RvkJmMPRSY
l�`[M!�£b�d[eFfhg�i twRvk{�`aOLQw\�G ¶ é�\�G � Q¾M!��`�{ñZbO�Y�RwT=bMd[eFfhg�i
OLj�MPJ\`aQ�{�M!��REZbJw{!{!RS{�J\M�M!��RHRvKaRS��M!kPOml�R�J\_+{P�vJ\KaRq��k!OwZ M!��R
kPOL��MP`[Q�R¤g¥�Yi��;¦[p[��i Í g¥�Oi[§�m%e è ¶ ] ê twRvk{�`aOLQ¡]/G�Ycé�Ï|G
�Ê��`aK[R�M!��R�j'RvQ����ZbJLk!_H�'OL`aQ}M�`�{���{�R�YEMPO&{�M!��Y��HMP��R�RvtwRvQ}M
_/`[Q�RvZ+JmMP`a�S{�OL�����J\kP�L`aQ�O\�ÚQ�RS��M!kJ\Ka`[Q�OpJL{P{�O���`�JmMPRSYb��kPO�Y������
M!`aOLQ�T\M!��k!RSR"JLY�Y�`[M!`aOLQcJ\K�{P��RSQ�J\kP`[O}{ J\kPR���{�R�Y=M!OHª�Âb{!Ä}��JLk!_
J\QcYX{!K[RS��M!OwQbZbJw{!{!RS{�JLQ�YXM!OH`[Q}MPRvkP��k!RvM�M!��R�kPRS{!��K[MP{�O\�-OL��k
{!RSJ\k���GåF���RñZbO/Y�RvKa`[Q��»OL��M!��RñQ�OLQ��ÚZñx�¬&i � I Z=O�Y�RSKa{
`�{åY�OwQ�R´j/� �c{�`aQ��x�¨��©ªeh�;¦[�Od ¶ G X�G�]£è ¶ c ê JL{+MP��R´`aQ�����M
M!O�b�d[eFfhg�i�\�G ,w¶ Y�T1��{�`aQ��»MP��R±x�¬&x}¥���RS{X�"Ow�����RS{gI��|�
��OwkPY_è ¶ d ê ��kPJLZbRvl�OLkP_'G�F���RXx�¬qx}¥$�vOLQ}M!kP`aj���M!`aOLQ»`�{"�vOLk!�
kPRS�|MPRSYpM!O&MPJ\_wR�`aQ}M!OHJL�S��OL��QwM1M!��R�Y�`[°-RvkPRvQ}M�`�Y�RSQwMP`Nª'�vJmMP`[OwQ
R��ñ�v`[RSQ����HZbRSJw{���kPRSYH`aQpOwj�{�RSk!twRSYHJ\QcYp{�`aZg��KaJ\M!RSYpRvtLRSQ}MP{ST
M!��Rp{!JLZ=RHl�J��ñJL{���Owk�M!��REj�Jw�_/�LkPOL��Q�Y�{vG
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é ¶

OLQ�R�l���`���E��JL{P{�R�YqM!��R�M!kP`[�w�LRSk�k!R�Ä}��`[kPRvZbRSQwM{vT�J\QcY j `�{�J\QRvKaRS��M!kPOLQÉOLkHZg��OwQ�GXF���R=KaRv��M!OLQÈ{!RvKaRS�|MP`[OwQÉJw�v��RS��MP{HJLKa{!O
� K[RS��M!OwQ�{vT�l���RvQ±M!��Rv�åY�R��vJ��+MPO+RvKaRS��M!kPOLQ�{�OLk�ZX��OLQc{vG� QpM!��R Ã Ã!j J\Q�Y Ã � j {!��j�{!R�M{vT�RSJw��pRvtwRvQ}M1ZX��{�M���OwQ}MPJ\`aQJmM KaRSJw{(M OLQ�R�MP`[�w�}M���RvQ}MPkPJLK}RSK[R��|MPk!OwQXl�`[M!�|e g´£ ¶ XEiqRv�gT
��OwQ�{!`a{�M!RSQwM l�`[M!�bMP��R�M!kP`[�w�LRSk OLj��(R��|MSG�F���R"{!RS�vOLQ�YXK[RS��M!OwQ
Ka`a{�M!R�Yg`�{�Rv`[M!��RSk�JqK[O/Ow{!R�RvKaRS�|MPk!OwQXOwk J���Ka���HRvKaRS��M!kPOLQ=l�`NMP�
e gÙ£ c£iqRv�XT�OwkåJÈZg��OwQÊl�`NMP��� gá£ c£iqRv�lë�Z Í é�X
iqRv�lë�Z���Owk � f � ©X¨ {PÏ�G � QbMP��R>��� j J\Q�Yi� Ã!j {���j�{�RvMP{ è , X ê TJmM"KaRSJw{(M"OwQ�RHK[RS��M!OwQ»Zg��{�M"j'RpJ � f´¬���Owk � f»À Zg��OLQ
l�`[M!���1g £ ¶ XsiqRS�më4ZmT�J\Q�Y´M!��R+{!RS�vOLQ�Y»KaRv��M!OLQ0�vJLQ·j'R
Rv`[M!��Rvk»J KaO/Ow{!RÉ�vRvQ}M!kJ\KqOLk±��Ka��� RSK[R��|MPk!OwQ3l�`[M!��e>g £
cÈiqRv�gT Owk=JÉZg��OLQ l�`[M!��� g¢£ Y0iqRv�lë�Z Í é!XÈiqRv�lë�Z
��OLk � f � ©X¨ {Ï|G F���R»MP��`akPY�KaRv��MPOLQÊKa`a{�M!R�YÊ�vJLQÊjcR»��kPOLZ
J\Q/�ñOL�1MP��RpJ\j'OmtLRE�SJmM!RS�LOwk!`aRS{�l�`[M!�»J+��OwZ=ZbOwQ¨� g Í e g Ï
M!��k!R�{���OwKaYXO\�YHiqRv�lë�Z Í YEiqRS�qÏ|TLR�Â���RS��M ��OLk � f � ©X¨ {���Owk
l���`��� l�REJ\Kal�J��/{�kPRSÄ}��`ak!R�� gw£ é!X+iqRv�lë�ZmG
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o�Jw{�R�Y OwQ M!��RBRvÂ��cR��|M!R�Y MPOL�'OLKaOL�w� OL� ���JLk!�w`[Q�O\�
Q�RS��M!kJ\Ka`[Q�O+RvtLRSQ}MP{ST�l�Rpk!R�Ä}��`[kPREJ\KaK�KaRv��MPOLQ�{"M!OñOwk!`a�L`aQ�J\M!R
��kPOLZ MP��Rb��k!`aZ+J\kP�»tLRSk�MPR�Â?T&� �¨Ð Í j º�¬ ��kP`[Z+JLk!�+twRvk!M!R�Â�Ï:���¤s�vZ,J\Q�Y � �¨Ð Í j º¬ j ¸ Ï:�Q� ¤ ��Z T?J\QcY»M!OsjcRb{!Rv��JLkPJ\M!Rp`aQ
~}�2}·{��cJL��RHl�`[M!� ��ò £ X�G ¤�G
F���R´RvQ�RvkP�L�£OL�E�SJ\Q�Y�`aY�J\M!Rb�(RvMP{sl�`NMP��eKg £ YhiqRS�

J\QcY l�`NMP��`aQ � ~��¦� ¶ ��Y `a{ ��Owk!kPRS��M!R�YBM!O MJ\_wR6`aQwMPO
JL�S��Ow��Q}M»M!��R£�wRvOwZ=RvM!kP� O\�bMP��R �vJLK[Owk!`aZbR�MPRvk{»J\Q�Y M!��R
Q�OwQ�K[`aQ�R�J\kP`NM(�EOL�cMP��Rv`ak k!R�{��'OLQc{�Rmè , é ê G��0R�Y�OEQ�OLM�`aQ��vK[��Y�R
�vJLQ�Y�`�Y�JmMPRb�(R�M{+M!�cJmMs�cJ�tLR»JÈ��`a�L�ÊRvKaRS��M!kPOLZ+J\�wQ�R�MP`a�sMPO
M!OLMPJLK&RSQ�RvkP�L�¾kPJ\M!`aO�T"�vOLQ�{!`a{�M!RSQ}Msl�`[M!�3j'Rv`aQ�� RvKaRS�|MPk!OwQ�{SG
��Jw��6�vJLQ�Y�`�Y�JmMPR´�(RvM0`�{0k!R�Äw��`[kPRSY MPO j'R ��J\kÉ��k!OwZ J\KaK
`�Y�RvQ}M!`[ª�R�Y KaRv��MPOLQ�{=`aQ£MP��R RvtLRSQ}M Í ��ò £ X�G ¤}Ï�G � Q£M!��R
��JLk�MP`a�v��KaJLkg�vJw{�RåO\��M!��R Ã � j ��cJ\Q�Q�RSK:T�l�RåkPR(�(R��|MgRStLRvQ}M{`aQ6l���`���6RS`NMP��RvkÉM!��R�{!RS��OwQ�Y�Owk·MP��R MP��`akPY6K[RS��M!OwQ `a{
l�`[M!��`aQ ¶ XbY�Rv�wk!RSRS{���kPOLZ MP��R��(R�M&J\Â�`a{SG
F���RHZ=`�{P{�`aQ��pMPkPJLQ�{!tLRvk{!R�RvQ�RvkP�L�LT}kPRS��OwQ�{�M!kP���|MPRSY+��kPOLZ

�vJLK[Owk!`aZbR�MPRvk M!Oml�Rvk{�l�`[M!� MPkPJLQ�{�twRvk{�R RSQ�RvkP�L�,K�J\kP�LRSk
M!�cJ\Q|X�G�é�iqRv�Êl�`[M!��`aQ�� ~��f� , � \�T\`a{���OLkPkPRS�|MPRSYg��OLk�ZX��OLQc{
j'RS�vJL��{!R»Zg��OwQ�{ñKaRSJ�twR±OwQ�Ka�¾{!Z+J\KaK�Y�Rv�'Ow{!`[MP{ñOL�ERvQ�RSk!�w�
`aQ MP��R´�vJLK[Owk!`aZbR�M!RSkSG � Q MP��R e ë g �SJ\K�����K�JmMP`[OwQ�T�l�R±MPJ\_wR
M!��`a{�R�°-RS��M�`aQ}M!O=JL�v�vOL��Q}M�j}�ñ{!��j�MPkPJw�|MP`[Q��pM!��RqM!kJ\Qc{�twRvk{�R
ZbOLZbRvQ}MJ OL�±`�Y�RSQwMP`NªcRSY$Zg��OwQ$M!kJL�_�{É��k!OwZ M!��R�e ë g T
Jm�¯MPRvk+JLY�Y�`[Q��ÉMP��R»J�tLRSkPJL�LR+Zg��OLQ¾RvQ�RSk!�w�0ZbR�JL{!��k!R�Y£`aQ
M!��R �vJ\KaOLkP`aZ=RvM!RSk£J\Q�Y$��kPO\�(R��|M!R�Y6`aQ}M!O MP��RÊM!kJ\Qc{�twRvk{�R
��K�J\Q�RwGÇ�0RÈ{�������k!R�{!{åRvtwRvQ}MP{sl�`NMP�3Zb`�{(�ÚZbRSJL{!��kPRSY�e ë�g
j/� kPRSÄ}��`akP`[Q��ÈMP��R�e ë�g�M!O jcR·{!Rv�cJ\kJmM!R�Y¾j}��JmMsK[R�JL{�M ¶
Y�RS�LkPRvRS{´`[Q6JLuv`aZg��MP� ��k!OwZ MP��R twRS��M!OLkP`�J\Kg{!��Z O\�bM!��R
M!kJ\Qc{�twRvk{�R±ZbOLZbRvQ}MPJ£O\�qM!��R»M(l�Oh��`a�L��R�{(M!�¾�6g K[RS��M!OwQ�{vT
`aQ$RStLRSQwM{È`[Q l���`���$M!��R {!RS�vOLQ�YÇKaRv��MPOLQ `a{hJ ZX��OLQ�G
F���`�{Ê{�RSK[R��|MP`[OwQ)`�{ÊY�RS{!`[�wQ�RSY M!O kPR(�(RS��MÊQ�RSJLk!Ka� J\KaK O\�
M!��R´y�kPRvKaKN�z¥�J\Q RvtwRvQ}MP{bl���RSk!RsM!��R»K[RS��M!OwQ�{+J\kPR±JLK[`a�LQ�RSY
J\QcY MP��RÈK[RS��M!OwQ RSQ�RvkP�L��`�{ Zb`a{��zZbR�JL{!��k!R�Y?Tq��k!O�Y��c��`aQ��

Zb`a{P{!`[Q��ÈMPkPJLQ�{!tLRvk{!R±RSQ�RvkP�L�¾J\KaOLQ��h`[MP{sY�`ak!R��|M!`aOLQ�G F���R
��Q�Y�RvkPRS{�M!`aZbJ\M!`aOLQ OLkÇOmtLRSk!R�{(MP`[Z+JmMP`[OwQ OL��M!��R RSQ�RvkP�L�
O\�EJ �(RvMs�vJL��{�R�{ñJh{!����kP`[Ow��{bRvQ�RSk!�w� `aZgj�JLKaJLQ���R»`aQ�M!��R
RvtwRvQ}Mñl���`��� Jm°-RS��MP{bMP��R·tmJ\Ka��R»OL�HZb`�{!{!`aQ��ÈM!kJ\Q�{!tLRSkP{!R
RvQ�RvkP�L�LG � QhOwkPY�RvkpMPO´kPRvZbOmtLRñ{!����hRvtwRvQ}MP{ST�l�Råk!R�Äw��`[kPR
M!��R±{!Z+J\KaK[R�{(MbJ\Q��wK[RsjcRvM(l�RSRvQze ë g JLQ�YhMP��R±J\Â�`a{gO\�&JLQ}�
�vJLQ�Y�`�Y�JmMPR��(R�M&M!Oñj'R¨�i} £ ¶ X+Y�RS�LkPRvRS{"`[Q»MP��RG��� j JLQ�Y
Ã � j ���JLQ�Q�RSKa{SG� Q3OLjc{�RSk!twRSY�RvtwRvQ}MP{sl�`[M!� Zg��OwQ�{vTq��O}{�Zb`��´kJ��/{sJ\kPR
`�Y�RvQ}M!`[ª�R�Y Í J\QcYÇkPR(�(R��|MPRSY�ÏhJw{ÈM(l�O M!kJL�_�{hJ\Ka`[�wQ�RSY$`aQ
M!��RÉMPkPJLQ�{!tLRvk{!R·��K�J\Q�RÈ{PJmM!`�{����}`aQ��ÊÄ}��J\Ka`[M(� J\Q�Y Z+JmMP����
`aQ��ÇkPRSÄ}��`akPRvZbRvQ}MP{SG F1OÇkPRSY�����R ����k!M!��RSk�M!��R���O}{�Zb`��
j�Jw�_}�wk!Ow��Q�Y�`aQ MP��Râ��� j J\Q�YÆ� Ã:j ��cJ\Q�Q�RSKa{ST�l�R0tLR�MPORvtwRvQ}MP{å`[Q3l���`a�� M!��RÉM(l�O ��`[�w��RS{�M8� g Zg��OLQ�{sR�Â���`aj�`[M
JÈMP��k!RSR��AY�`aZ=RSQ�{!`[OwQ�J\KHJ\Q��w��K�J\kå{!Rv��JLkPJ\M!`aOLQÊK�J\kP�LRSk+M!��JLQ
é ]4cXY�Rv�LkPRvR�{vG
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� Q6OLkY�RSk·MPO Jw���`[RStLRhMP��R�jcR�{(Mh{!RvQ�{!`NMP`[t/`[M(�LT+{!RvtLRSkPJLK
RvtwRvQ}M�{!RvKaRS�|MP`[OwQ+��kP`NMPRvkP`aJHJ\kPR�J\����K[`aRSY=MPOEk!R��(RS�|M MP��R"j�Jw�_}�
�LkPOL��Q�Y�{SG
I"Q+`aZ=�'OLk!MPJLQ}M�Y�`�{!�vk!`aZb`[Q�J\M!`aQ��ptmJ\kP`�J\j�KaR�`a{�M!��R&`[Q/tmJ\kP`[�

J\Q}MqZbJw{!{&O\��{!JLZ=Rv��-'J�tLOLk�T�Ow���cO}{�`[M!RSK[�}�A���J\kP�LR�Y±K[RS��M!OwQ�{vG
F���RXOLQ��A{���RvKaK1��OwZb�cOwQ�RvQ}M&OL� M!��R¯/���k!O�Y�����M!`aOLQ»`�{&{!�����
��kPRS{P{�R�Yhj/�Èk!R��(RS�|MP`[Q��·RvtwRvQ}MP{Xl�`[M!� M(l�O´KaRv��M!OLQc{XOL�"M!��R
{PJ\ZbR�-'J�tLOLk=l�`[M!��J0�vOLZXj�`[Q�RSY `[Q/tmJ\kP`aJLQ}MXZ+JL{P{b`[Q M!��R
l�`aQ�Y�Oml,OL�i]�\ M!Oné!X�\¾iqRS� � Z U G)F���`�{»{!RvKaRS�|MP`[OwQ JLKa{!O
kPRSY����vRS{´M!��R O\M!��RvkPl�`a{!Rh`[QcY�`a{�M!`aQ��w��`a{!��JLj�K[RwnZ/ j�Jw�_}�
�LkPOL��Q�Y?Gsx/`aZb`[K�J\kPKa�LT�MP��R+KaOmlÇZ+JL{P{EkPRS{!OLQ�JLQ���R�{H{�����hJw{
4 �u6 JLQ�Y�8 JLk!RbkPRvZbOmtLR�Y´j/�·kPRSÄ}��`ak!`aQ��»J»Y�`aK[RS��M!OwQÈ`[Q��
tmJ\kP`aJLQ}M1Z+JL{P{�KaJLk!�wRvk1M!��JLQUé Y&iqRS� � ZvU\G�F���R�KaJ\M�M!RSk�t�JLK[��R
`�{�kJ\`�{!RSYbMPO ¶ XXiqRS� � Z�U"��Owk Ã�Ã!j JLQ�Y Ã � j RStLRvQ}M{vG ��`[�cGfd{!��Oml"{�M!��Rp`aQ/tmJ\kP`aJLQwM�Z+JL{P{�O\��Zg��OwQ�{���JL`[k{�`[Q±MPk!`aK[RS��M!OwQ
RvtwRvQ}MP{SG

� Q3���J\kP�L`aQ�OL�zQ�RS��M!kJ\Ka`aQ�OÈRvtLRSQ}MP{s`[Q l���`a�� M!��R0{����
�'Rvk{��/ZbZbR�M!kP`�����J\k!M!`���KaRS{�Y�RS�SJ��X`aQ}M!OXK[RS��M!OwQ�{vT}l�R�R�Â��'RS��M
�(R�M"Jw�|M!`at/`NM(�ñM!O+��OwZ=RqOLQ�K[�+��kPOLZ `aQ�`[M!`�J\K�{�MPJ\M!RHkPJwY�`�JmM!`aOLQ�G
©&Q M!��RhOLM!��RSk´��JLQ�Y?T)\ ©\±RvtLRSQ}MP{»J\Kal�J��/{ �vOLQ}MPJL`[Q¾�(R�M{vT
J ��RSJmMP��kPR0l���`a�� Y�`�{(MP`[Q��w��`�{���R�{sM!��RSZ ��kPOLZ ���JLk!�w`[Q�OL�
Q�RS��M!kJ\Ka`[Q�O£{�`a�LQ�JLK"RvtwRvQ}MP{SG F���R°\ ©\bj�JL�_/�wk!Ow��Q�Y `a{åk!Rv�
Y����vRSYEj/�HkPR(�(RS��M!`aQ���RStLRSQwM{�l�`[M!�XZ=Owk!R�M!��JLQpOLQ�R��(R�M�l�`NMP�
e g�£ ¶ X+iqRv�XG
�1`aQ�JLK[Ka�LT�x�¬qx}¥�RvtLRSQ}MP{=J\kPRå���J\kJL��M!RSk!`auvR�YÉj/�h{!`[�wQ�`N�¯�

`��vJ\Q}MEZb`a{P{!`[Q��±MPkPJLQ�{�twRvk{�RXRvQ�RSk!�w� ��k!OwZ,MP��R+�1x���¨ {EJLQ�Y
M!��R´Q�Rv��M!kP`[Q�O}{vG F���`a{å��JmM!M!RSk!QÊY�`[°'RSkP{+��k!OwZ y&k!RSK[K[�:¥�JLQ
��kPO�Y����|MP`[OwQ·OL�����JLk!�wRSY»KaRv��MPOLQ�{ST�l���RSk!R=OLQ�K[�»MP��R�/ h�M� j�Jw�_}�wk!Ow��Q�Y R�Â���`aj�`NM{ñkPRSJLK�Z=`�{P{�`aQ��ÈM!kJ\Qc{�twRvk{�R±RvQ��
RvkP�L�wGh�ÉR kPRSÄ}��`ak!Rpe ë gÊ£ é Y·iqRv��`aQ OwkPY�RvkXM!OÈk!RSZbOmtLR
M!��Rpy�kPRvKaKN�z¥�J\Q±RvtwRvQ}MP{�Ow��MP{!`�Y�RqM!��R±/ Z+Jw{!{�l�`aQ�Y�OmlEG
F���Rhk!R�{���KNMP`[Q�����kPRSY�`a��M!`aOLQ�{»OL�XMP��R {!`[�wQ�J\KE�/`aRvK�Y�{»`aQ

M!��REjcRSQ����Z+J\kP_å�'OL`aQ}M Í�D Ï�JLQ�YsM!��RpJw�v�vOLZb��J\Q/�/`aQ��ñx�f
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Observed
´
Fake leptons

γµDrell-Yan+
Dibosons
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Jm°-RS��MåMP��R´Q/��Zgj'Rvk{ñOL�p��kPRSY�`��|MPRSY�RvtwRvQ}MP{sJ\Q�Y�T"��OLQc{�Rv�
Ä}��RvQ}MPK[�wTcMP��Rg`aQ}M!RSk!��kPR�MJmMP`[OwQ´O\� MP��RX{!RSJLkP��»kPRS{!��K[MSG&F���R
kPRvK�JmM!`atLRs��OLQ}MPk!`aj���MP`[OwQ�{ptmJ\kP�É��k!OwZ ��cJ\Q�Q�RSK�MPOÉ���JLQ�Q�RSK
J\QcY±��k!OwZB{!`[�wQ�J\K�M!OñjcJL�_/�LkPOL��QcY?G � QÉ�vJL{!REO\� MP��RgjcJL�_}�
�LkPOL��Q�Y�RS{�M!`aZ+JmM!RwT�M!��R·K�J\kP�LRS{�Må��Qc��Rvk!MPJL`[Q}M(�¾OLkP`[�w`[QcJmM!R�{

��kPOLZ M!��R�{�MPJ\M!`�{(MP`a�SJ\K/��Q��vRvk!MPJ\`aQ}M(�HOLQEMP��R�Q}��Zgj'Rvk�O\����k!Rv�
Y�`��|MPRSY RvtwRvQ}MP{SG�F���RS{!Rp��Qc��Rvk!MPJL`[Q}MP`[R�{"J\kPRpQ�OLM�Q�Rv�wK[`a�L`aj�KaR
Í ��� MPO ¶ d.�=ÏpY���RsMPO·MP��R±ª�Q�`[M!R {!JLZb��K[R {!`[uSRS{bJ\Q�Y J\kPR
`aQ���Ka��Y�R�Y Jw{ `[QcY�Rv�'RvQ�Y�RvQ}M·{�Ow��k��RS{±OL�b{!��{(MPRvZ+JmMP`a�0��Q��
��RSk�MJ\`aQ}M(� `aQÊM!��R·Ka`[Zb`[M �SJ\K�����K�JmMP`[OwQ Y�RS{P��kP`[j'RSY `[Q x�RS�|�
M!`aOLQ � ÀXG F���Rñ��Q��vRvk!MPJ\`aQ}M(�´��kPOLZ M!��RñjcJL�_/�LkPOL��QcYÉY���R
M!O Zb`�{�`�Y�RvQ}MP`Nª�R�Y·KaRv��M!OLQc{H`a{EY�RvM!RSk!Zb`aQ�RSY·��k!OwZ�M!��R+��k!Rv�
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M!RSZ+JmM!`�� ��Q��vRvk!MPJL`[Q}M(� Y���R»M!OÈMP��R´{!�SJ\KaR ��JL��M!OLk{bO\�qM!��R
`�Y�RvQ}M!`[ªc�SJmM!`aOLQ R��ñ��`aRvQc���£`�{+J´��RSl)�'Rvk��RSQwM�T�RvÂ��vRv��Mb��Owk
KaOml��IeKg»��K[���gRvKaRS�|MPk!OwQ�{ l���`���+��J�twR"J+éN¤f����Qc��Rvk!MPJL`[Q}M(�wG
F���RE�(RvMXRSQ�RvkP�L�0{!�SJ\KaR°è , é ê `�{Xt�JLk!`aRSY0l�`[M!��`aQ£`[MP{X��Q��vRvk!�
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J\QcYhOLQÈMP��R±�vOLkPk!R��|MP`[OwQ0OL��M!��R±Zb`a{P{!`[Q��´M!kJ\Q�{!tLRSkP{!R+RvQ��
RvkP�L�wG F���R Rv°'R��|M+`a{bj'R�M(l�RvRSQ ¶ � J\QcYw]�� Y�Rv�'RvQcY�`[Q��
OLQ M!��R»���JLQ�Q�RSK:G¾F���R `[Q}M!RS�LkJmMPRSY£Ka��Zb`aQ�Ow{!`NM(�h`�{bZbRSJ\�
{!��k!R�Y·l�`[M!�hJLQ0Jw�v����kPJw���»O\��\.� è ,w¶Dê J\Q�YÉ`[Mp`a{E�c{�R�Y´MPO
Q�Owk!Z+J\Ka`auvR M!��R·��OwQwMPk!`aj���MP`[OwQ�{+��kPOLZ {!`[ZX��KaJ\M!R�Y�RvtLRSQ}MP{SG
F���Rñ`aQ�`[M!`�J\K�{(MJmMPRñkPJwY�`�JmM!`aOLQ Í � x � ÏgJ\Q�YÈªcQ�J\K�{(MJmM!RåkPJ\�
Y�`�JmMP`[OwQ Í � x � Ï´JLk!RhZbO�Y�RSK[R�Y�`[Q MP��R {!`[ZX��K�JmM!R�Y�{!JLZ=�
��KaRS{bJ\QcY J\kPR {���j��(RS�|M=M!O0MP��Rs��Q���RSk�MJ\`aQwM(�hOL�"M!��R±�cJ\k!�
M!OwQ´{���Oml�RSk�Z=O�Y�RSK:G�F���RgR�°-RS�|M{"OL��MP��RS{!Rp��Qc��Rvk!MPJL`[Q}MP`[R�{
J\kPR�Y�R�M!RSk!Zb`aQ�RSYp��k!OwZ {!JLZb��K[R�{1{!`aZg��K�JmMPRSYpl�`[M!�bY�`[°'RSk!RSQ}M
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¤*�,`aQ {�RSK[R��|MP`[OwQ£JL�v�vRv��MJ\Q��vRLG´F���Rs��kPOw{P{p{�R��|MP`[OwQ�{gJLQ�Y
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Jbª�M&M!O+MP��RXY�JmMPJ+��k!OwZBJ+Q/��ZXjcRSk�OL��R�Â��cRSk!`aZbRvQ}MP{SG��0R
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M!��R ¤.X � F���µO\
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I0QSR _]GK��GKL$i=X8_�J	L$i3I�Q$R I0Q$G[P�F�jEi	R�L$R�P�XcI0G[J8L^Z0Y[R�f�I�J8LSZ�n���QSR
�}�$�$�sjELSJcj×_�GK�qG�Z5Xs_]J8P�R]J8f�I�GK_]G�Z�I�G[HdZ0H�R�LSX8P0G[JdMOJ	P5J8\SP
Z0R�Y[R�H>I�GKJ	L{X8Z'G`IGKLSH�P0R�X8Z0R�Z�I�Q$R^L�\$_6y)R�P'J8M�R�Y[R�H>I�P0J	LSZ3X8LSF
_^\SJ8LSZ�G[LmI0Q$RWrSL)XcY+Z�I�X;I�R8n

��Q$R3J8y)Z�R�P0z	R�F]XcLSF]R���f)R�H>I0R�F�Y[GK_]GKI�Z@J8L]I0QSR#H�P�J	Z�Z�Z0R�H�j
I0G[J8L)ZaI0G[_]R�Z}y$P�X8LSH�Q$G[L$i�P�X;I0G[J	Z}XcP�R�H�XcY�H�\SY[XcI0R�F�XcI{I0QSR
P	¤�2 H�J8L$r)F�R�L)H�R�YKR�z8R�Y�X8LSFaI�Q$R]_]X	Z0ZY[GK_]GKI�ZG[L}I�Q$R�F�G`Mpj
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MOR�P�R�L�IdZ�H�R�LSXcP�GKJ�Z�XcP�RaJ8y�I�XcG[L$R�F�y�k�G[LSH�YK\SF$GKL$i�I0Q$RaI�Q$R�j
J8P�k6H�P0J�Z0Z¦Z�R�H>I0G[J8Ld\$LSH�R�P�I�XcG[L�I�k^G[L�I0Q$R#R���f�R�H>I�R�FhX8LSF]J8y$j
Z0R�P�z8R�F}YKG[_]G`I�H�XcY�H�\SY[XcI0G[J8L+�BX8LSF}I�Xcl�G[L$imI0Q$R�G[L�I0R�P�Z0R�H�I0G[J8L
y�R�I�x R�R�L^I0Q$J�Z�R XcLSF5I0Q$R�H�R�L�I0P�XcY	I0Q$R�J8P�kWH�\$P�z8R8n���Q$R�P	¤�2
�#n ñ�n�Y[GK_]GKI�Z]MOJ	P�I0QSRa_��$©#½54 o Z�H�R�LSXcP�G[J~X8LSFÂ�}�$���sj
Ö v1F~Z�H�R�LSXcP�G[JdXcP�R=f$P�R�Z0R�L�I0R�FaGKLqÇCG[iSnC¢�PSn'XcLSFaÇ�G[iSn�¼c¥Sn
��Q$R�XcL)XcY[k�Z0R�ZXcP�R�L$JcI5Z0R�LSZ0G`I�GKz	R�I0JaH�QSXcP�i8G[L$JmXcLSF}L$R�\�j
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I0P�XcY[G[L$Jdf$P�J�F�\SH�I0G[J8L{G[L}I�Q$R�Z0R�_�J�F�R�Y[Z�n=Ç$J	P#I�Q$R]�}�$���sj
L$J8jE_]GK��Z�H�R�L)XcP�GKJWx R9R���I0R�LSF�I0Q$R#H�\$P�P0R�L�I¦H�QSXcP�i8G[L$JW_�X8Z�Z
Y[GK_]GKI�\SfdI�JN¢�¤�¢½R��Wvc¾ ¿ XcI�P�¤�2Ý�#n ñ�n[�$H�J	LSZ�G�Z�I0R�L�I�x9G`I�Q
I0QSR@R���f�R�H�I0R�F5Z�R�LSZ0G`I�GKz�GKI�kJ8MB¢�Ä�õ'½R��=v;¾ ¿ � Ç�G[iSnc¼�¢�§>n,¨#\SP
XcL)XcY[k�Z0G�ZsG[ZaLSJcIqZ0R�LSZ0GKI0G[z8ReI0J�H�Q)XcP�i8G[L$JÂ_]X	Z0Z0R�Zsy�R�Y[J;x
¡6¢8¢�¥q½R��Wv;¾ ¿ n���Q$G�Z�_�X8Z�Z]P�X8L$i8RmP�R�f$P�R�Z0R�L�I�Z]XqI0P�XcL$j
Z0G`I�GKJ	LdI�J]X�P�R�i	GKJ	LdJcMCI0Q$R5��©��ð fSX8P�X8_�R�I0R�P�Z0fSX	H�RWx9G`I�Q
I0QSP0R�R�j×y)J�F�k~F�R�H�X�k�Z5JcMaùûBÿ¿ ��i	GKz�G[L$iaP�G[Z0R]I0J{z	R�P�k{Y[J;x�� w
Y[R�f�I�J8LSZ � J8LaX�z8R�P�X8i8R3y�R�Y[J;x.¼]½R��Wv;H�§>n

ÔhÍÎÓ����1�q�1�����0�*�H�������E�q ¡�£¢.¤¦¥=���*§©¨��ª�¡�1«¬�q���®ª�°¯H�±�*�
² � ² ª³¡���ª�

��Q$R�XcLSX8YKk�Z0R�Zmf$P�R�Z0R�L�I0R�F�G[L|I�Q$G�ZsfSXcf�R�PaQSX�z	Rqy�R�R�L
H�J	_^y$G[L$R�F�x9GKI0QÂJcI�Q$R�Pd� ÊÇ Z�R�XcP�H�Q$R�Z�Z0R�LSZ0G`I�GKz	RdI�J�X8Z�j
Z0J�H�G[XcI0R�FqH�QSX8P0i	GKLSJcj×L$R�\�I�P�X8YKG[L$JNf$P0J�F�\)H>I0G[J8L�X	ZWP0R�f)J	P�I�R�F
G[L óK¢�¥�� Ä	¥�ö×n ��Q$RsJ	ySZ�R�P0z	R�FuYKG[_]G`I�Z]MOJ8P]I�Q$R{H�J	_^y$G[LSXcj
I0G[J8L}G[ZY[R�Z�Z#Z�I0P�GKLSi8R�L�I3I�QSXcL}I0Q$R�J8LSR6H�X8Y[H�\$Y�X;I0R�FsMOJ8P#I0QSR
Q$G[i8Q�j��Sw|XcLSX8YKk�Z0G[Z5F$\$RhI�JqZ0YKG[i8Q�I6R��$H�R�Z�Z0R�Z=G[L�I0QSRNJ8I0Q$R�P
H�QSX8L$L$R�Y�Z�n
�BJ'X	Z0Z0R�Z�Z�I�Q$R�MO\$I0\$P�R¦P�R�X	H�Q5X;I,� ÊÇ ��x R@X8Y[Z0J9R���I�P�X8f)J8j

Y�X;I0R¦I0Q$R�Z0R�LSZ0G`I�GKz�GKI�k=JcM�I�Q$R H�J8_6y$GKLSR�F^X8LSXcY[k�Z�G�ZBX	Z0Z0\$_]G[L$i
Y�XcP�i8R�P F$X;I�X^Z0R�I�Z�n�Ç�GKi)n$¼8¼���Ç�G[iSn$¼côS��X8LSFdÇ�G[iSn$¼;Ä�XcP�R3I0QSR
f$P�JcÁ�R�H>I0R�F]R���f�R�H>I�R�F�Y[G[_�GKI�Z@G[L]I0Q$R'I0Q$P�R�R#_�J�F�R�Y[Z¦x9G`I�QN¼��
ÄS��õ$��X8LSFa¢�È=MOy�´ ý JcMBFSX;I�X6H�J	YKY[R�H�I0R�F+��yS\�I�X	Z0Z0\$_]G[L$i5\$L�j
H�QSX8L$i8R�F}XcL)XcY[k�Z0R�Z�n���LqI�Q$R]f$Y[JcI�Z5x@R�XcY�Z0JmX	Z0Z0\$_]R�I0QSXcI
I0QSR5Z�k�Z�I0R�_�XcI0G�HW\$LSH�R�P�I�XcG[L�I0G[R�Z�x9G[YKYBZ�H�X8YKRWG[L�z8R�P�Z0R�Y[khx9G`I�Q
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I0QSR¦Y[\$_]GKL$J�Z�GKI�k8n�©'Z0GKLSi'Ä9MOy�´ ý J8MSF$X;I�X$��I0Q$R9� Ê#ÇmR���f�R�P�GKj
_]R�L�ICQ)X8ZDI�Q$R¦f�JcI�R�L�I0G�XcY8I0J3R���H�YK\)F�R@H�QSX8P0i	GKLSJ _�X	Z0Z0R�Z�y�R�j
Y[J;x ¢�Ä�¥h½R��=v;H ¿ XcLSF ¢�õ	¥h½R��WvcH ¿ G[LsI0QSR5_h��©#½54 o
XcL)FN�}�S���sj×L$Jcj×_]G`�sZ0H�R�LSX8P0G[J	Z��	P�R�Z0f�R�H>I�GKz	R�Y[k8n

Ì�Í¶µ¸·º¹f¹ÂÔ^Òj»

Ö R�Z�R�XcP�H�Q$R�F÷MOJ8P�I0Q$R�X8Z�Z�J�H�G�X;I�R�F�f$P�J�F�\SH>I�GKJ	L JcM
H�QSX8P0i	GKL$J�ZaXcLSF.LSR�\�I�P�X8YKG[L$J	Z{GKL.rSL)XcY6Z�I�XcI0R�Z{x9GKI0Q J	L$R
Q$G[i8Q�j�� w R�YKR�H>I�P0J	LJ	P+_^\SJ8L+��XcLSFI�x J3X8FSF�G`I�GKJ	LSXcY8YKR�f�I0J	LSZ�n
��Q$R#J8ySZ0R�P�z8R�F�FSX;I�X^H�J8\SL	I�Z¦X8P0R'H�J8LSZ0G�Z�I�R�L�I¦x9GKI0QhI�Q$R'R���j
f�R�H>I�X;I�GKJ	LSZCMOP0J	_|I�Q$R�Z�I�XcLSF$X8P�F5_�J�F�R�Y�ySX8H�l�i8P�J8\SLSF$ZBX8LSF
x RmZ0R�I�YKG[_]G`I�Z]J8L�I�Q$Rsf$P0J�F�\)H>I0G[J8LuH�P�J	Z�Z6Z0R�H�I0G[J8L�I�GK_]R�Z
y$P�XcLSH�QSGKL$isP�X;I�GKJ)n���L~I�Q$Rh�}�$���Î_]J�F�R�Y�x9G`I�QeL$J{Z�Y[R�f$j
I0J	L{_]G`��G[L$idX8LSF{F�R�i8R�LSR�P�X;I0R5Z0Y[R�f�I�J8La_�X8Z�Z�R�Z��¡7 ÿ � ¬c¥
½R��=v;¾ ¿ �,I�X8L:9¼� ô$��X8LSF�T½< ¥$��x RdZ0R�I]XCP	¤�2 �#n ñ�n
Y[GK_]GKI3J8LmI0Q$R5H�Q)XcP�i8G[L$J^_�X8Z�Z9X;I5¢�¤�¢=½R��=v;¾ ¿ n

Ôº��¾¿�¡��À5ª�1«¡Á|§J�1�|���

Ö R�I�QSXcLSl'I�Q$R¦Ç$R�P0_]G[Y[X8y=Z�I�X;Æ�X8LSF#I0Q$R�I0R�H�QSL$G[H�XcY�Z�I�X;Æ�Z
JcM#I0Q$RsfSX8P�I�G[H�GKf)X;I0G[L$i~GKL)Z�I�G`I�\�I0G[J8LSZ�MOJ8P�I0Q$R�GKP�z�GKI�X8Y3H�J8L$j
I0P�G[y$\�I0G[J8L)Z�n£��Q$G�Zax J8P�l�x X	ZmZ0\$f$f�J8P0I0R�F�y�k�I0Q$R�©^n �Dn
Ê#R�fSX8P�I�_�R�L�I¦JcM�Â�L$R�P0i	k^XcL)F¦3#X;I�GKJ	LSXcY)�$H�G[R�LSH�R'Ç$J	\$LSF$Xcj
I0G[J8LBg;I0Q$R@�×I�X8YKG�XcL5��Z�I0GKI0\$I0J.3#Xcb�GKJ	LSXcY[R¦F�G�Ç�G[Z0G[H�XA3'\SH�Y[R�X8P0R	g
I0QSRh�aGKLSG[Z�I0P�k}J8MjÂ¦F$\SH�XcI0G[J8L+���@\$Y`I�\$P�R8����f)J	P�I�Z��C�$H�G[R�LSH�R
XcL)Fq�CR�H�Q$LSJ8Y[J8i8kaJ8M�Ã�Xcf)XcL+gBI0Q$R©3#X;I0\SP�X8Y¦��H�G[R�LSH�R�Z5X8LSF
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MSSM: M(
Ð

χÑ ∼ 0
2)=M(
Ò

χÑ ∼ ±
1)=2M(
Ò

χÑ ∼ 0
1);
Ò

BR(χÑ ∼ 0
2→
Ó  2l+χÑ ∼ 0

1)=BR(Z
Ò

→Ó  2l); BR(χÑ ∼ ±
1→
Ó l±+νÔ +χÑ ∼ 0

1)=BR(W
Ò ± →Ó  l±+νÔ );Ò
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MSSM: tan
Ð β=3, µÉ >Ê 0, M(

Ë
χÑ ∼ 0

2)
Ò
∼ M(
Ð

χÑ ∼ ±
1)
Ò
∼ 2M(
Ö

χÑ ∼ 0
1);
Ò

no slepton mixing×
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Â�LSi8G[L$R�R�P0G[L$if49R�Z0R�X8P�H�Q��@J8\$LSH�GKY=J8M�� X8LSX8F$XSg5I�Q$Rn3'Xcj
I0G[J8L)XcY��$H�G[R�LSH�R��@J8\$L)H�G[YBJcM,I�Q$RE49R�f$\$y$Y[G[H^JcM@�@Q$G[LSX$g)I0QSR
��x9G�Z0ZÙ3#X;I�GKJ	LSXcY'��H�GKR�LSH�RaÇSJ8\$LSFSX;I0G[J8LBg9I0Q$R o n «,n@��YKJ�XcL
Ç$J	\$LSF$XcI0G[J8L+g�I�Q$R#À \$LSF$R�Z0_�G[L$G�Z�I�R�P�GK\S_úM±Ú\$P À G[Y[F$\$L$i^\SLSF
Ç$J	P�Z�H�Q�\$L$i)�D½R�P0_�XcL�kDgDI0QSRÜÛWJ	P0R�XcL}��H�GKR�LSH�R]XcL)FCÂ�LSi8GKj
L$R�R�P�GKL$imÇ$J	\$LSF$XcI0G[J8LqX8LSFaI�Q$RÙÛWJ8P�R�X8L�49R�Z0R�X8P�H�Q}ÇSJ8\$L$j
F$XcI0G[J8L+g�I�Q$Rh��H�G[R�L)H�R]XcLSFq�BR�H�Q$L$J8Y[J8i	kaÇSX8H�GKY[GKI0G[R�Z5�@J8\$L$j
H�G[Y{XcL)FÝI0QSR¼43J;k	XcYa��J�H�G[R�I�k	�{©AÛ]g�I0QSR���L)Z�I�G`I�\�I;3'Xcj
I0G[J8L)XcYWF�Rq«¦Q�k�Z0G[ø�\$R¬33\SH�YKR�XcG[P0R{R�Is«¦Q�k�Z0G�ø	\SR{F�R�Zm«�XcP0j
I0G�H�\SYKR�Z�v	�j3A4'�Dg	I0QSR�49\)Z0Z0G[X8LdÇ$J	\$LSF$XcI0G[J8L�MOJ	P@À�X8Z0G�HA49R�j
Z0R�XcP�H�Q+gI0QSR��@J	_�G�Z0G�ÝJ	L���L�I0R�P�_]GKLSG[Z�I0R�P0G�XcYWF�R��@GKR�LSH�G�X�k
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